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の設計 COP（Coefficient of Performance，成績係数）
は 3.7，冷房時は 3.2で，熱交換用不凍液にはエチレ
ングリコールを使用した．熱源には図 1に示すよう
に温室脇の地面を幅 2 m，長さ 7 m，深さ 2.1 mに掘
り下げ，幅 0.9 m，長さ 5.6 mのシート状の熱交換器
（Gカーペット，（株）ダイヤポリマー）を 1 m及び












試験に使用した水耕栽培装置は，幅 60 cm，長さ 










図 1 浅層地中熱ヒートポンプシステムの熱源 (地下ダム) の概要 
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下ダムのそれぞれ違う地点における 30 cm, 80 cm, 
130 cm, 180 cmの 4深度の地温および 80 cm, 130 cm, 






























1回目 : Sumr_01 6/24 ～ 7/20(26日間)
運転試験 : 区分名 実施期間
2回目 : Sumr_02 7/29 ～ 8/24(26日間)
3回目 : Sumr_03 8/29 ～ 9/25(27日間)
1回目 : Witr_01 11/24 ～ 1/11(48日間)
2回目 : Witr_02 1/27 ～ 3/14(46日間)
4回目 : Sumr_04 6/29 ～ 7/21(22日間)
5回目 : Sumr_05 7/27 ～ 8/24(28日間)
6回目 : Sumr_06 9/12 ～ 10/5 (23日間)












表 1 各栽培試験の実施期間と試験区分名および供試植物 
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 成績係数 (COP) は，養液タンクへの熱供給量 H 
(Wh)，消費電力 W (Wh) により COP = H / Wの式に
より，1時間ごとに算出した．Wには実測値を用い，




液温度，F (L) は 1 時間あたりの不凍液流量，C 
(kcaloC-1L-1) は不凍液の熱容量である．T1，T2，Fに













夏期試験では 2016 年，2017 年ともに平均外気温




















た平均 COPは 1時間ごとに算出した COPの平均値
である． 










26.3 35.5 26.1 37.4 30.2±2.3 21.0±0.8Sumr_02 17.1 17.5
22.3 34.7 22.6 34.6 26.9±3.1 21.3±0.8Sumr_03 9.8 10.9
最低
Witr_01 2.9 14.8 7.6 36.4-3.9 -1.0 12.2±4.9 22.3±3.1
Witr_02 2.1 9.3 7.8 39.7 -1.9 13.2±2.5*21.8±1.2-4.6
* 設定温度10oCで制御
21.4 29.5 21.7 30.6 25.6±1.9 21.1±0.7Sumr_01 13.2 14.0
Witr_03 1.9 13.6 4.7 34.1 -6.9 7.8±6.3 9.2±2.8-8.8
24.0 33.2 ---- ---- 25.6±2.7 19.6±0.9Sumr_04 17.3 ----
25.0 35.0 25.9 39.5 27.1±2.0 19.8±0.6Sumr_05 17.5 17.6
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(a) 対照区の根 (b) 制御区の根
図 4 冬期試験におけるリーフレタスの根の比較 
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換量が大きく，消費電力が少ないために COPが高く
なる傾向にあった．温室内気温のデータでは 2016
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Estimation of the practicality of a greenhouse installed with a low-cost 
geothermal heat pump system
Masashi Komine1,4, Koh Yahagi1, Shin-ichi Nakamura1,2, Rie Takagi1,3, Kojiro Hara1
Kouji Noge1, Chiharu Sone1,4, Kyouko Toyofuku1,4, Takahiro Kamada1,4, Ken Kimura1,4
Hiroko Mizuno1, Youko Ishikawa1, Atsushi Ogawa1,4
1 Department of Bioresource Sciences, Faculty of Biological Production, Akita Prefectural University
2 Department of Bioscience, Faculty of Life Design, Tohoku Institute of Technology
3 Department of Life Design for Safety and Amenity, Faculty of Life Sciences, Tokyo University of Agriculture
4 JST Crest
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The year-round cultivation of crops in greenhouses would be an effective means of establishing a new agricultural production system in Akita 
prefecture. In order to economically operate greenhouse cultivation, it is necessary to reduce heating costs. The shallow geothermal heat pump 
(GHP) system is an appropriate equipment for this purpose. This study evaluated the practicality of using GHP in greenhouses. Compared to 
estimations, the coefficient of performance (COP) of the installed GHP showed lower values than the designed one. The importance of the 
optimization of the control parameters and of introducing a dynamic operation of the GHP was suggested. The effects of cooling the nutrient 
solution were not observed on the growth of plants as a result of the cultivation experiments effected in summer. Moreover, the warming of the
nutrient solution during the winter experiments resulted in the suppression of plant growth and caused root injuries. It was supposed that the 
remarkable difference between leaf and root temperatures and the dynamic fluctuation of air temperatures caused the repression and damage. It 
was thus posited that the GHP system required an active controlling ability that would enable it to modulate the solution temperature according to 
the fluctuation of air temperature in order to avoid excessive disparity between the temperatures of the leaf and the root.
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